One isoform of callose synthase, GSL7, is tightly co-expressed with two isoforms of sucrose synthase (SUS5 and SUS6) known to be confined to phloem sieve elements in 
INTRODUCTION
The pores in the sieve plates of phloem elements are key determinants of the velocity of transport of sucroseand other phloem contents over long distances in the plant.
From theoretical models, phloem conductance is predicted to be directly related to the density of pores on the sieve plate and to the length and diameter of the pores (Thompson and Holbrook, 2003; Thompson, 2006) . During phloem development, pore formation is preceded by deposition of the β 1,3-glucan callose between the plasma membrane and the cell wall, both as "platelets" on the faces of the end wall and around the plasmodesmatal channel. The pore is formed by widening of the plasmodesmatal channel, a process that involves removal of some of the callose. The precise sequence of events -and the importance of callose in these events -remains unclear. Some authors propose that callose largely replaces cellulose in the region of the wall in which the sieve plate pore will form. Pore formation is then due primarily to callose degradation (Esau and Thorsch, 1985; Thorsch and Esau, 1988) . Others reject the idea that callose replaces original cell wall material, and propose that pore formation involves degradation of original material, as well as some callose.
According to this view, the main function of callose deposition is to restrict wall thickening in the region in which the pore will form (Evert et al., 1966; Deshpande, 1974; 1975) .
However it is derived, the mature pore usually has a callose lining (e.g. Bouck and Cronshaw, 1965; Deshpande, 1974; 1975; Thorsch and Esau 1988; Eleftheriou, 1990;  summarized in Sjölund, 1997) . If mature phloem elements are damaged, massive callose synthesis occurs on the sieve plate, resulting in occlusion of the pores and retention of phloem contents behind the callose plugs (e.g. Evert and Derr 1964, Hao synthesis during tissue preparation (e.g. Ehlers et al., 2000; van Bel et al., 2002) . They are almost certainly a feature of mature sieve plates in many species.
Callose synthesis occurs during normal growth in many locations in plants. In addition to sieve plate pores, it is deposited in the cell plate during cytokinesis (Samuels et al., 1995) , in cell walls at the neck region of plasmodesmata (Turner et al., 1994) , and during pollen formation (microgametogenesis) and pollen tube growth (Rae et al., 1985; McCormick, 1993) . It is also deposited on the inner face of cell walls in response to pathogen attack, forming a barrier against fungal penetration (Jacobs et al., 2003 , Nishimura et al., 2003 . Callose is synthesized from the sugar nucleotide UDPglucose via callose synthases that span the plasma membrane. In both vascular and non-vascular plants callose synthases are encoded by multigene families, and different isoforms have different locations and functions in the plant (Dong et al., 2008; Schober et al., 2009; Voigt et al., 2006; Schuette et al., 2009) . Of the twelve GSL (Glucan Synthase Like, also called CalS) genes in Arabidopsis, five are suggested or proven from mutational and correlative analyses to encode isoforms with important functions in pollen development (GSL1, GSL2, GSL5, GSL8, GSL10: Enns et al., 2005; Nishikawa et al., 2005; Töller et al., 2008; Huang et al., 2009 ). Two genes have been implicated in cytokinesis, cell plate formation and cell patterning (GSL6, GSL8: Hong et al., 2001; Chen et al., 2009; Thiele et al., 2009) , and one in response to attack by fungal pathogens (GSL5: Jacobs et al., 2003; Nishimura et al., 2003; Dong et al., 2008) . Expression of the GSL6 gene is elevated and callose is deposited locally in response to phloem feeding by silverleaf whitefly nymphs (Bemisia sp.: Kempema et al., 2007) and the aphid Brevicoryne brassicae (Kuśnierczyk et al., 2008) . The isoform(s) responsible for the synthesis of callose in sieve plate pores has yet to be identified.
Interest in the control of phloem transport has increased with the demonstration of its importance in the transmission of developmental and environmentally triggered signalling molecules involved in the induction of flowering and of systemic resistance to pathogens (Turgeon and Wolf, 2009 ). There has been recent progress in modelling phloem transport, and in precise measurement of anatomical features and transport velocity (e.g. Van As, 2009; Mullendore et al., 2010) . These approaches reveal that callose deposition in sieve plate pores after wounding can drastically reduce phloem conductivity within minutes. They also suggest that there is a much more complex relationship between phloem conductivity (estimated from anatomical measurements) and the velocity of phloem transport (measured by Magnetic Resonance Imaging, MRI) across species than is predicted from simple microfluidic principles. Further progress in this area is likely to be slow without new tools to manipulate anatomical components of the phloem in a precise, specific and non-invasive manner within a single species.
We discovered recently that the synthesis of the callose lining of pores in the phloem sieve plates of the flowering stem of Arabidopsis is partially dependent upon the presence of two isoforms of sucrose synthase, SUS5 and SUS6. In a mutant lacking both isoforms (the sus5sus6 mutant), the thickness of the callose lining is markedly reduced, but callose formation is normal in other parts of the plant (Barratt et al., 2009 ). SUS5 and SUS6 appear to be present exclusively in the phloem. In roots, both transcripts are reported to be phloem located (Birnbaum et al., 2003;  http://www.arexdb.org/root-images/deconRoot.html) and in-situ hybridizations detected SUS6 transcript only in phloem initial cells (Barratt et al., 2009 ).
Immunoblots of tissue prints revealed SUS5 and SUS6 proteins only in phloem tissue in stems and mature hypocotyls. Taken together, these data indicate that SUS5 and SUS6 may have a specific role in the provision of the UDPglucose substrate for the synthesis of callose in the wall of sieve plates.
To discover further components of the pathway of callose synthesis in the sieve plate, and thus provide tools for exploring the role of this polymer in the development and function of the phloem, we looked for genes that are co-expressed with SUS5
and/or SUS6. We found that SUS5, SUS6 and one callose synthase, GSL7, are tightly co-expressed. Here we show that GSL7 is expressed in the phloem, and is necessary for callose synthesis in the sieve plate. In gsl7 mutants, growth of the floral stem and all floral parts is reduced. We provide evidence that this is due to carbon starvation, caused by reduced phloem conductivity.
This correlation is particularly striking because it was identified in both databases.
The lists of genes co-expressed with SUS5 otherwise showed very little similarity between the two databases (Supplemental Table S1 and S2).
In whole-mount in situ hybridization experiments on roots, GSL7 transcript was detected only in two discrete regions in the differentiating stele. No transcript was detected using a sense probe as a control (Fig. 1 ). This distribution is very similar to that of SUS6 transcript (Barratt et al., 2009) , and is consistent with the idea that GSL7 transcript may be located in the phloem initial cells. Further evidence of a phloem location is provided by global analyses of patterns of gene expression in the Arabidopsis root (Birnbaum et al., 2003; Brady et al., 2007; Cartwright et al., 2009;  Arex, the Arabidopsis Gene Expression database, http://www.arexdb.org/). Transcript levels for SUS5, SUS6 and GSL7 are strongly enhanced in the phloem relative to all other cell types in the root (Supplemental Fig. S1 ).
Loss of GSL7 Eliminates Callose from Phloem Sieve Plates
To discover the role and importance of GSL7 we obtained insertion mutants from the SALK and SAIL collections. Homozygous lines were named gsl7-1 (SALK_048921) and gsl7-2 (SAIL_114_A01). GSL7 transcript was not detectable in stems of either of these lines (Supplemental Fig. S2 ).
To visualize callose, sections of flowering stem were stained with aniline blue, a dye that fluoresces when it binds callose. Callose was present in the phloem region in hand-cut sections of stems of wild-type plants, but not gsl7 mutant plants. (arrowed in Fig. 2A ). Prolonged (18 h) incubation of cut stems in water prior to fixation and sectioning failed to induce callose formation in the phloem in mutant plants (Fig. 2B ).
However, callose formation was induced in cells adjacent to the xylem in both wildtype and mutant plants (starred in Fig. 2B ).
Aniline-blue staining of whole roots also indicated a specific role for GSL7 in callose production in the phloem. In wild-type roots callose was abundant in single 9 files of cells in the stele of older parts of the root. No callose was visible in this location in gsl7 mutant roots (Fig. 3 ).
These observations suggested that GSL7 is responsible for production of callose in the phloem, but not for production of callose in other cell types, either when intact or in response to wounding. To test this idea further, we examined callose production in response to mechanical wounding of mature leaves. The deposition of callose around mesophyll cells bordering the wound site was indistinguishable in wild-type and gsl7 plants (Fig. 2C) .
To discover the location of GSL7-dependent callose in the phloem, and to establish whether GSL7 is responsible for callose in the phloem of intact as well as wounded plants, we examined transmission electron micrographs of longitudinal sections of flowering stems and older regions of seedling roots. To prevent production of wound callose, tissues were excised into fixative and immediately vacuum-infiltrated. In wild-type plants, sieve plate pores in both flowering stems and roots were lined with callose ( Fig. 2 and 3 , see also Barratt et al., 2009) . By contrast, no callose lining was visible in sieve plate pores in either stems or roots of the gsl7 mutant. Immunogold labelling with a callose-specific antiserum confirmed the presence of callose in the lining of the sieve plate pores in the wild type, but failed to detect callose in the pore walls of the mutant ( Fig. 2 and not shown).
To obtain more information about the impact of loss of GSL7 on sieve plate anatomy, we used high-resolution confocal laser scanning microscopy (CSLM) on thick sections of flowering stems after rapid fixation and pseudo-Schiff propidium iodide staining. As reported previously (Truernit et al., 2008) , this allowed transverse and longitudinal resolution of sieve plates (Fig. 4) . In wild-type plants, sieve plate pores were large and unobstructed (examples in Fig. 4A Fig. 4B ). In the third preparation pores were of greater diameter (Fig. 5) 
Stems and Floral Parts Are Reduced in Size in the gsl7 Mutant
The gsl7 mutants displayed distinct but mild phenotypes during vegetative growth (Supplemental Fig. S3 ). The growth rate and general morphology of gsl7 and wildtype rosettes were very similar, as were the root and above-ground biomass at the point of emergence of the flowering stem ( Fig. 6A and Supplemental Table S3 ). The degree of purple pigmentation of gsl7 rosettes was greater than in wild-type plants of the same age, particularly in older rosettes (Supplemental Fig. S3 ).
Marked differences between gsl7 and wild-type plants became apparent as soon as the flowering stem started to elongate. The stem was thinner in gsl7 than in wild-type plants (Supplemental Table S3 ), its growth rate was slower, and the main stem and side branches of gsl7 plants typically achieved only about half the height of those of wild-type plants. Side branches were longer in relation to the main stem in gsl7 than in wild-type plants ( Fig. 6B and Supplemental Fig. S3 ). The number and size of flowers and the length of peduncles and siliques were also reduced in gsl7 mutants.
Whereas sepals were of near-normal size, the lengths of petals, stamens and carpels were reduced by one-third to one-half in mutant relative to wild-type plants ( Fig. 6C to 6E).
Phloem Transport Rates and Carbohydrate Availability Are Reduced in the

Inflorescences of the gsl7 Mutant
We reasoned that the reduced size of stems and floral parts in the gsl7 mutants could be due to a limited supply of sucrose from the leaves, brought about by malfunction of phloem sieve elements in the stem. The difference in inflorescence architecture between wild-type and gsl7 plants is unlikely to account for the radical differences in the rate of movement of 14 C in the stem. First, we compared mutant and wild-type plants with stems of the same height (rather than plants of the same age, which would have stems of different heights).
Second, although gsl7 inflorescences have different side-branch growth rates from wild-type plants, the lowest 3 cm of the stem had no or only single branches in all the plants we used. A more likely explanation of the difference in 14 C movement is that the rate of phloem transport in stems of gsl7 mutants is much lower than that of wildtype plants.
Restricted phloem transport in the flowering stem of gsl7 mutants might be expected to lead to reduced carbohydrate availability at the top of the inflorescence.
Accordingly we measured carbohydrates in the terminal cluster of flowers and buds in mutant and wild-type plants. At the end of the night, gsl7 mutant inflorescences had half of the sucrose content of wild-type inflorescences, 40% of the starch content, 30% of the fructose content and less than 20% of the glucose content. These differences decreased through the day as contents of all carbohydrates increased ( Iodine-staining revealed that the difference in starch content between mutant and wild-type inflorescences was particularly marked in the parenchymatous pith at the top of the stem. At the end of the night this tissue stained darkly in wild-type plants but not in mutant plants (Supplemental Fig. 4 ).
In leaves, abnormally low carbohydrate contents lead to widespread changes in gene expression. This "starvation response" is seen, for example, when the night is extended beyond the normal dawn and in mutants defective in the storage or utilisation of starch reserves during the night (Smith and Stitt, 2007) . The starvation response can be monitored by measuring transcript levels of genes for which expression is known to be specifically responsive to carbohydrate levels (Gibon et al., 2004; Bläsing et al., 2005; Osuna et al., 2007; Usadel et al., 2008; Graf et al., 2010) .
We investigated whether the reduced carbohydrate levels in the terminal cluster of flowers and buds of gsl7 inflorescences triggered a starvation response by determining the expression of four starvation-induced genes (At1g76410, At3g59940, At1g08630 and At1g10070) and one sugar-induced gene (At3g13470) (details in Supplemental Table S4 ) . Transcript levels of the four starvation-induced genes were very low in both wild-type and mutant inflorescences at the end of the day. In the wild-type, transcript levels remained low throughout the normal night. In the gsl7 mutant, transcript levels of all four genes increased significantly during the night.
Levels for three of the genes were significantly higher in mutant than in wild-type inflorescences at the end of the night (Fig. 9 ). An extension of the night by 4 h markedly increased this difference: levels were 2.7 to more than 5 times higher in mutant than in wild-type inflorescences. For the sugar-induced gene, transcript levels in wild-type inflorescences were more than twice as high as those in mutant inflorescences at the end of the day. This difference was maintained as transcript levels fell through the night and during the extended night (Fig. 9 ).
Reduced capacity for transport of sugars to the inflorescence might be expected to lead to accumulation of carbohydrate in leaves. Although the pattern of carbohydrate turnover in leaves of flowering Arabidopsis plants varies somewhat between batches of plants (our unpublished observations), we consistently observed elevated levels of starch in leaves of the gsl7 mutant from the onset of flowering. Leaves of sevenweek-old mutant plants stained more darkly with iodine at the end of the night than leaves of wild-type plants of the same age ( Supplementary Fig. S4 ). Mutant leaves had three times more starch than wild-type leaves at the end of the night at five weeks old, and four times more at six weeks old (Fig. 8B ). were in every case (three independent experiments) markedly larger than those developed on the plant (Fig. 10 ). This effect was entirely dependent on the presence of sucrose in the nutrient solution. Almost no growth occurred in cut inflorescences in the nutrient solution without sucrose (Fig. 10) , or in the nutrient solution in which sucrose was replaced by the same concentration of mannitol (data not shown).
Sucrose Feeding Increases Flower Size in the gsl7
DISCUSSION
GSL7 is Responsible for Callose Deposition in Sieve Plate Pores
We provide evidence that the callose synthase GSL7 is exclusively responsible for synthesis of callose associated with the pores of sieve plates. In the root, transcription of GSL7 is confined to the phloem. Our data indicate that GSL7 is responsible for synthesis of callose in the sieve plate pore both as part of the normal process of phloem maturation in intact plants, and also in response to wounding. First, callose is present in phloem sieve plates of wild-type plants but absent from those of gsl7 mutants when precautions are taken to avoid a wound response by fixing excised tissue as rapidly as possible. Second, the striking reduction in growth of the stem in the gsl7 mutant is consistent with a role for GSL7
in the intact, non-wounded plant. Third, callose is not deposited in the phloem of gsl7 mutant plants after wounding, implying that GSL7 is required for the rapid occlusion of the sieve plate by callose in response to wounding. The pattern of expression of GSL7 is consistent with roles in both the developing and the mature phloem. We detected GSL7 transcript in phloem initial cells in the root by in situ hybridisation.
GSL7 protein synthesised in these cells is likely to be responsible for callose deposition during sieve plate formation. GSL7 transcript is also present in the mature phloem (detected by microarray analysis of marked, sorted cell types in the root: Arex database, http://www.arexdb.org/). We suggest that GSL7 protein synthesised in the companion cells of the mature phloem is responsible for the production of callose on the sieve plates of the sieve elements in response to wounding. It is also possible that GSL7 is involved in callose turnover in mature sieve plate pores in intact plants.
Turnover of callose deposits in the neck regions of plasmodesmata is proposed to alter the diameter of the plasmodesmatal pore and thus control plasmodesmatal fluxes (Levy et al., 2007) . Similarly, turnover of callose in the sieve plate pore in response to developmental and/or environmental factors may alter the diameter of the pore and thus modulate phloem conductivity. It has been suggested that UDPglucose for the synthesis of cell wall components is supplied via a specific association between SUS and cell wall biosynthetic enzymes (Amor et al., 1995; Verma and Hong, 2001; Salnikov et al. 2003; Persia et al., 2008) .
Callose Synthesis in the Phloem
SUS is frequently associated with plasma membranes, consistent with the idea that it supplies UDPglucose to either cellulose synthase or callose synthase or both.
However, complete loss of SUS (in a sus1sus2sus3sus4 mutant) from all cell types except the phloem in Arabidopsis has negligible effects on growth in standard conditions (Barratt et al., 2009 
The Callose Lining of Sieve Plate Pores Is Necessary for Normal Phloem Transport in the Stem
Our results provide direct and unambiguous evidence that the callose lining of the sieve plate pore is essential for normal phloem transport in the flowering stem. In gsl7 mutants, the growth of the stem, flowers and siliques is strongly reduced. Labelling experiments showed that transport of sucrose in the flowering stem was very strongly reduced in the gsl7 mutant. Although the rate of entry of 14 C into the stem after supply of 14 CO 2 to a leaf was approximately the same in wild-type and gsl7 mutant plants, its rate of movement to the top of stem of the same height was greatly retarded in the mutant. The most likely explanation of this difference is that loss of callose from the sieve plate pores drastically reduces phloem conductivity.
Several different features of our results suggest that restricted transport of sucrose in gsl7 phloem resulted in metabolic and transcriptional changes in the inflorescences, which in turn account for their reduced size. Starch and sugar contents were lower in gsl7 than in wild-type inflorescences, especially at the end of the night. Further evidence for a link between reduced growth of the inflorescence of gsl7 plants and sucrose supply is provided by experiments in which sucrose was supplied directly to gsl7 inflorescences via the cut stem. Sucrose supplied in this way probably moves to the flowers via the xylem rather than the phloem. The result was an increase in size of all floral parts relative to those on intact mutant plants. These data are consistent with the idea that lack of sucrose alone could account for the reduced growth. None of our experiments preclude the possibility that reduced growth of the inflorescence is at least in part due to reduced transport of a hormone or other signalling molecule necessary for normal growth. However, the simplest interpretation is that reduced growth results from low carbohydrate availability brought about by reduced phloem conductivity in the stem.
The effect of loss of GSL7 is much more marked in the inflorescence than in the rosette. The inflorescence is a major sink for carbon from the rosette, and the marked phenotype likely reflects its dependence on, and distance from, source organs. It is interesting that there is no marked impact of the gsl7 mutation on root mass in mature rosettes even though root sieve plate pores lack callose. This difference in impact of the mutation between stems and roots may reflect a higher demand for carbon by the developing infloresence than by the root system. We have not examined the phloem of developing (sink) leaves and petioles. It remains possible that another enzyme in part compensates for loss of GSL7 in these organs.
The Callose Lining May Determine the Flow Characteristics of the Sieve Plate Pore
It is not immediately apparent why loss of the callose lining of the sieve plate pore should cause a dramatic reduction in phloem transport in the stem. One possibility is that callose is required for normal sieve plate pore development. Some authors have proposed that during this process existing wall components around plasmodesmata are replaced by callose, which is then degraded to form a pore (see Introduction deposition of callose on the face of the end wall where the pore will form is associated with cessation of wall thickening at that point, so that in the mature sieve plate the pore openings are in slight depressions in the face of the wall (Evert et al., 1966; Deshpande, 1974; 1975) . It is proposed that callose actually restricts wall growth. The length of the pore is important in determining phloem conductivity (Thompson and Holbrook, 2003) so this proposed role for callose may be of significance in the function of the mature phloem. Our TEM images are consistent with the suggestion that callose deposition may reduce effective pore length, although further work would be required to confirm this point. Whereas pore openings in the gsl7 mutant tend to be flush with the surface of the wall, those in wild-type plants are surrounded by calloselined depressions (Fig. 2 ).
An alternative explanation for the importance of the callose in the sieve plate pore is that it provides necessary mechanical strength to the pore walls. Phloem conductivity and transport velocity are highly dependent on pore diameter (Thompson and diameter of sieve plate pores in mutant relative to wild-type stems, when this was not seen in TEM images. This difference could reflect plasticity of the wall of the pore of the mutant. In the absence of a rigid callose lining, the pore walls may swell or shrink differentially in the two different fixation and preparation techniques used for TEM and CSLM.
In summary, we suggest that callose deposition is not required for pore formation per se, but is a very important determinant of the flow characteristics of the pore.
Callose may influence both the effective length of the pore -by preventing wall thickening around the developing pore -and its flow characteristics (by providing a rigid lining and hence an invariant diameter under mass flow conditions).
After acceptance of this paper we became aware of another accepted manuscript published on line elsewhere that also reports the importance of GSL7 for callose synthesis in the phloem (Xie et al. 2010) . The authors propose that loss of callose in gsl7 mutants hampers sieve plate pore formation, whereas our work indicates that pore function rather than formation is hampered. Further research will be required to resolve this issue.
MATERIALS AND METHODS
Plant Material
Unless Table 5 . Genomic DNA was extracted from leaves according to Krysan et al. (1996) . The PCR products obtained using T-DNA left border primers and gene-specific primers were sequenced to confirm the location of the inserts. A wild-type line was selected as a control for each mutant line from the segregating F2 population from which the mutant was selected.
Inflorescence culture
Flowering stems of 6 to 7-week-old plants were cut 2 cm below the apex then 
In Situ Hybridisation
Primer sequences are given in Supplemental Table S5 . A DNA template for a partial cDNA for GSL7 was generated from a stem cDNA library by PCR, and T3 (sense) and T7 (antisense) promoter sequences were incorporated by PCR to give 150 and 350 base-pair probes. Whole-mount in situ hybridization on 4-day-old seedlings using DIG-labeled probes was carried out according to Carol et al. (2005) and Barratt et al.
(2009).
Microscopy
For confocal laser scanning microscopy on thick sections the basal 4 cm of primary flowering stems of 6-week-old plants was excised and immediately fixed in ice cold 50% (v/v) methanol, 10% (v/v) acetic acid for at least 24 h. The stem was recut, and sections of the basal 2 cm were sectioned under absolute ethanol on a vibratome.
Sections (200 µm) were transferred to fixative then subjected to a pseudo-Schiff propidium iodide staining (Truernit et al., 2008) . Samples were viewed with a confocal microscope at excitation wavelength of 488 nm. 
Aniline Blue and Iodine Staining
Hand cut sections of primary flowering stems from 6 to7-week-old plants were stained with 0.1% (w/v) aniline blue (water soluble, Sigma) in 0.1 M Na phosphate (pH 9.0) then viewed with a UV epifluorescence microscope.
For leaf wounding, fully-expanded leaves from 6-week-old plants were punctured with a plastic tip, then harvested the next day. After removal of chlorophyll by washing in methanol, leaves were rinsed in water and stained overnight with aniline blue as above.
For roots, whole 4-day-old seedlings were vacuum-infiltrated with 0.1% (wt/vol) aniline blue in 0.1 M Na phosphate (pH 9.0) and incubated in the dark for 1-2 h.
Starch in the apical region of primary flowering stems was visualized by staining with Lugol's iodine solution, after removal of chlorophyll at 80ºC in 80% (v/v) ethanol.
Metabolite Assays
For starch and sugar measurements, tissue was frozen in liquid nitrogen immediately after harvest. Tissue was extracted with dilute perchloric acid. Sugars were assayed enzymatically on the neutralized soluble fraction, using spectrophotometric assays coupled to NAD reduction via glucose 6-phosphate dehydrogenase (Chia et al., 2004) .
Starch was assayed as glucose in the insoluble fraction after washing, gelatinization, and enzymatic digestion with α -amylase and α -amyloglucosidase (Smith and Zeeman was performed in a 96 well plate with a DNA Engine Opticon 2 Real-Time PCR Detection System (Bio-Rad, UK), in a reaction mix containing 5 µL SYBR®Green JumpStart™ Taq ReadyMix™(Sigma). Thermal cycling was 95ºC for 2 min, 40
cycles of 95ºC for 10 s, 60ºC for 1 min. Primer sequences are given in Supplemental Table S5 . Values were normalised against a UBIQUITIN10 control, and relative expression was calculated by setting the WT value to 1.
CO 2 Pulse-chase Labelling
Labelling experiments were performed 2 h into the photoperiod on intact flowering 
